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ABSTRACT
We present an integral field spectroscopic study of the Luminous Infrared Galaxy (LIRG)
NGC 7130, a known starburst-AGN composite galaxy. We employ standard emission line
ratio diagnostics and maps of velocity dispersion and velocity field to investigate how the
dominant ionising sources change as a function of radius. From the signatures of both star
formation and AGN activity we show that NGC 7130 is a remarkably clean case of starburst-
AGN mixing. We find a smooth transition from AGN dominated emission in the centre to
pure star forming activity further out, from which we can estimate the radius of the extended
narrow line region to be 1.8 ± 0.8 kpc. We calculate that the fraction of [O III] luminosity
due to star formation and AGN activity is 30 ± 2% and 70 ± 3% respectively, and that the
fraction of Hα luminosity due to star formation and AGN activity is 65 ± 3% and 35 ± 2%
respectively. We conclude with a discussion of the importance and potential of starburst-AGN
mixing for future studies of the starburst-AGN connection.
1 INTRODUCTION
One of the longest standing mysteries in astrophysics is the na-
ture of the relationship between star formation and AGN activ-
ity in composite galaxies. For many years, it has been well es-
tablished that there is a strong relationship between the accretion
activity of supermassive black holes and the evolution of their
host galaxies (Cattaneo et al. 1999; Haehnelt & Kauffmann 2000;
Granato et al. 2004; LaMassa et al. 2012; Kauffmann et al. 2003;
Cid Fernandes et al. 2001). The mass of a supermassive black
hole has been found to scale with properties of the host galaxy
such as velocity dispersion (M-σ relation), the stellar mass in the
bulge (MBH -M⋆ relation) and the luminosity of the bulge (MBH -
L relation) (e.g. Magorrian et al. 1998; Marconi & Hunt 2003;
Bennert et al. 2011; McConnell & Ma 2013; Ferrarese & Merrit
2000; Gebhardt et al. 2000; Tremaine et al. 2002; Gultekin et al.
2009). Although these relationships indicate that by z = 0, the build-
ing of the stellar mass and black hole mass in galaxies is in some
way correlated, it is unclear whether such a correlation is the re-
sult of a connection between black hole and star formation activ-
ity on timescales relevant to the formation of stars (facilitated by
processes such as mergers, starburst-driven winds and AGN-driven
outflows, e.g. Yuan et al. 2010; Rafferty et al. 2011), or whether
these scaling relations are simply pointing to something more fun-
damental which is yet to be uncovered (e.g. Mullaney et al. 2012;
Alexander & Hickox 2012, (review)).
Naively, one might suggest that the scaling relations sim-
ply fall out of the common requirement of cold gas to fuel both
star-formation and AGN activity. This explanation is problem-
atic, as gas must lose ≈ 99.9% of its angular momentum in or-
der to move from a ≈ 10 kpc stable orbit in a star-forming disk
to the zone of influence of an AGN on a ≈ 10 pc scale (Jogee
2006). However, it is well established both theoretically and ob-
servationally that black hole activity must impact star formation.
Black hole feedback can heat material in the inter-stellar medium
of a galaxy (e.g. Sijacki & Springel 2006), or drive powerful out-
flows resulting in significant gas redistribution (e.g. Alatalo et al.
2011; Rich et al. 2010, 2011; DeBuhr et al. 2011). These pro-
cesses deplete the galaxy’s cold gas reservoir, resulting in the
regulation or quenching of star formation (e.g. Di Matteo et al.
2005; Croton et al. 2006; Hopkins et al. 2006; Sijacki et al. 2007;
Hopkins et al. 2008; Booth & Schaye 2009; McCarthy et al. 2010).
Black hole feedback directly impacts the results of galaxy evolution
simulations, which consistently indicate that AGN feedback is piv-
otal for preventing over-production of stellar mass in galaxies (e.g.
Vogelsberger et al. 2013; Croton et al. 2006).
However, the finding that approximately 30-50% of
Seyfert 2 nuclei are associated with young stellar popula-
tions (e.g. Sarzi et al. 2007; Gonzalez Delgado et al. 2005;
Cid Fernandes et al. 2004; Gonzalez Delgado et al. 2001;
Storchi-Bergmann et al. 2001) seems to suggest that AGN
activity may enhance star-formation, and/or that circumnuclear
star-formation may enhance AGN activity. Silverman et al. (2009)
found that the vast majority of AGN hosts at z 6 1 have star
formation rates higher than that of non-AGN hosts of similar mass,
and that the incidence of AGN activity increases with decreasing
stellar age.
All this evidence suggests that star formation itself is an im-
portant source of viscosity in the circumnuclear gas, assisting some
of the gas to fall into the AGN, while driving the rest into states of
higher angular momentum. In order to gain greater insight into the
starburst-AGN connection, it is necessary to study the relationship
between black hole and star formation activity on relatively instan-
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taneous timescales. However, it is notoriously difficult to accurately
calculate quantities such as star formation rates in starburst-AGN
composite galaxies. In such galaxies, the photometric and spectro-
scopic indicators of star formation will be contaminated by emis-
sion from the AGN, so that it is only possible to derive upper limits
on star formation rates, with an extremely large margin for error.
Several studies have attempted to combat this issue by cal-
culating the relative contribution of AGN and star formation in
starburst-AGN composite galaxies. Heckman et al. (2004) compute
the AGN fractions for galaxies from the Sloan Digital Sky Survey
(SDSS; York et al. 2000) Data Release 4 (DR4) by comparing the
positions of galaxies on the [N II]/Hα vs [O III]/Hβ diagnostic di-
agram to synthetic composite galaxy templates with different AGN
fractions. Davies et al. (2007) estimate the contribution of the AGN
to the line emission of a sample of Seyfert galaxies by calculat-
ing the equivalent width of a CO absorption feature and comparing
this to the known value for globular clusters. Imanishi et al. (2011)
constrain the contribution of the AGN in the infrared by analysing
the strength of polycyclic aromatic hydrocarbon (PAH) features in
the 3-20µm range. All of these methods assume that AGN fractions
can be reliably calibrated across the AGN sequence. However, vari-
ations in ionisation parameter, metallicity, hardness of the radiation
field and electron density across the active galaxy population in-
troduce significant uncertainty in the derived AGN fractions when
information from multiple galaxies is combined (e.g. Kewley et al.
2013).
The advent of integral field spectrographs has provided as-
tronomers with the tools required to conduct accurate and detailed
studies of galaxy power sources. Nuclear spectra, such as those ob-
tained by SDSS, can provide information regarding only the very
centre of the galaxy (requiring correction for significant aperture
effects, see Kewley et al. 2005). However, given several hundreds
or even thousands of spectra from across the galaxy, it is possi-
ble to study the variation of the ionisation state and velocity field
of gas throughout the galaxy. To date, some of the most elegant
results from IFU data have related to the study of shock-starburst
composite galaxies. For example, Rich et al. (2010; 2011) used IFU
data to form the basis of a convincing argument for the identifica-
tion of two Luminous Infrared Galaxies (LIRGs) - IC 1623 and
NGC 3256 - as shock-starburst composites, and in another instance
to show that the extended LINER-like emission of NGC 839 can
be best described by shocks originating from a galactic superwind.
Fogarty et al. (2012) also used line ratio maps and velocity field
information from the Sydney AAO Multi-Object IFS (SAMI) to
identify a galactic wind in ESO 185-G031.
IFU data are also of particular interest to the study of
the starburst-AGN connection, as they allow for the separation
of star-forming and AGN dominated regions. Already, several
IFU studies, both in the optical and in the infrared, have iden-
tified and investigated starburst-AGN composite galaxies, such
as NGC 1068 (Gerssen et al. 2006), NGC 5135 (Bedregal et al.
2009), IRAS 19254-7245 (Reunanen et al. 2007) and HE 2211-
3903 (Scharwa¨chter et al. 2011). IFU data also provide the infor-
mation required to study how the contribution of the starburst and
the AGN vary with distance from the central AGN, probing the ra-
dius of the AGN Extended Narrow Line Region (ENLR).
In this paper, we capitalise on the the strengths of IFU data
to carry out a detailed study of the ionisation sources and kine-
matics in NGC 7130. NGC 7130 is a LIRG, observed using the
Wide Field Spectrograph (WiFeS) on the ANU 2.3m telescope
as part of the Great Observatory All-Sky LIRG Survey (GOALS;
Armus et al. 2009). LIRGs are particularly appropriate targets for
Figure 1. WiFeS Pointing (solid green rectangle) overlaid on a WFPC2 im-
age of NGC 7130 taken with the Hubble Space Telescope (F606W, 6030A˚;
Malkan et al. 1998).
study of the starburst-AGN connection as they commonly contain
both starbursts and AGNs. The prevalence of dual energy sources
in LIRGs is likely to be a direct result of their history as merg-
ers of molecular gas-rich spirals, which are thought to be the trig-
ger for powerful bursts of star formation (e.g Sanders et al. 1996;
Barnes & Hernquist 1992). During merger events, gaseous dissi-
pation funnels material towards the centre of mass of coalescing
systems, leaving them with extremely large reservoirs of gas. This
gas rotates in the gravitational field of the galaxy, and can be con-
verted into a rotating stellar disk by means of a starburst (e.g.
Barnes & Hernquist 1992, Mihos & Hernquist 1994; 1996) and/or
feed AGN accretion processes.
Evidence for the starburst-AGN composite nature of NGC
7130 has been found in the infrared, optical, UV and X-
ray (Spinoglio et al. 2002; Levenson et al. 2005; Contini et al.
2002; Gonzalez Delgado et al. 1998; Cid Fernandes et al. 2001;
Gonzalez Delgado et al. 2001). In this paper, we use this galaxy to
show that IFU data can be utilised to create spatial maps which al-
low a clean separation of regions of star formation, AGN and com-
posite ionisation from both sources, and permit the identification
of outflows and/or feedback that may be present in the galaxy. We
demonstrate that there is a strong relationship between the ionisa-
tion state of the gas and distance from the centre of the galaxy - a
clear indicator of starburst-AGN mixing. We explore how well IFU
data can resolve the size of the AGN extended narrow line region
and the overall contribution of the starburst and the AGN to optical
line emission in individual spaxels.
We summarize the existing observational framework for the
composite starburst-AGN nature of NGC 7130 in Section 2. We
discuss our observations and data reduction in Section 3 and present
emission line maps in Section 4. In Section 5 we present emission
line diagnostic diagrams, discuss indicators of starburst-AGN mix-
ing and quantify the size of the AGN ENLR, calculate starburst and
AGN fractions and investigate how these fractions vary as a func-
tion of radius. We analyse velocity field information in Section 6,
finding further support for the composite nature of this galaxy. We
discuss the implications of our findings in Section 7 and present our
conclusions in Section 8.
Throughout this paper we adopt cosmological parameters
H0 = 70.5kms
−1Mpc−1, ΩΛ = 0.73, and ΩM = 0.27 based
on the 5-year WMAP results by Hinshaw et al. (2009) and consis-
tent with flat Λ-CDM cosmology.
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Figure 2. Top to bottom, left to right: Maps of (a) [N II]/Hα, (b) [S II]/Hα, (c) [O I]/Hα, and (d) [O III]/Hβ. The maps have dimensions 25′′ × 38′′, with the
same orientation as the HST image in Figure 1. Cyan crosshairs illustrate the location of the AGN (as identified by the [O I]/Hα peak) on all line ratio maps.
The nuclear region of the galaxy clearly has enhanced line ratios, indicating the presence of an AGN. A ring of star-formation is also visible in the [N II]/Hα
map.
2 NGC 7130
NGC 7130 is a LIRG at a redshift of z = 0.016 (correspond-
ing to a spatial scale of ∼ 340 pc arcsec−1), with log(LIR/L⊙)
= 11.42 (Armus et al. 2009). The galaxy is located at RA =
21h48m19.49s and DEC = −34◦57’04.7”. It is a peculiar spiral
galaxy (Corwin et al. 1994) with two close dwarf galaxy compan-
ions (Gonzalez Delgado et al. 1998), and hosts a Seyfert 1.9 nu-
cleus (Veron-Cetty & Veron 2006) surrounded by a powerful and
compact (90 pc) circumnuclear starburst (Levenson et al. 2005).
Parts of the galaxy are strongly obscured - in particular the circum-
nuclear region, in which the typical obscuration along the line of
sight is Compton thick (NH > 1.5× 1024 cm−2) (Levenson et al.
2005). However, the nuclear region is not as obscured in other
directions, allowing ionizing photons to escape and excite the
galaxy’s ENLR.
NGC 7130 has previously been studied in the IR, opti-
cal, UV, and X-ray. The predominately young stellar popula-
tion can be detected strongly in the far infrared (25-500µm)
(Gonzalez Delgado et al. 2001), and the majority of the near (≈
0.8-2.5µm) and mid (2.5-25µm) infrared emission can be explained
by thermal emission of dust shock-heated by supernova ejecta and
stellar winds (Contini et al. 2002). The blue optical color of the
galactic nucleus and the presence of clear Balmer and neutral he-
lium absorption lines are also characteristic of young and inter-
mediate age stars (Gonzalez Delgado et al. 2001). The UV emis-
sion of NGC 7130 is dominated by the “featureless continuum” of
the young stellar population, which displays clear absorption lines
formed in the photospheres of O-B stars. Stellar wind resonance
lines are also identified, which again are tracers of a young stellar
population (Gonzalez Delgado et al. 1998). Finally, the presence of
young stars is clear from the extended soft, thermal X-ray emission
as well as some hard X-ray emission from X-ray binaries and other
ultra-luminous X-ray sources (Levenson et al. 2005).
Several indicators of AGN activity have been identified across
a broad wavelength range. In the infrared, Ne V (Petric et al.
2011) and elevated [Ne III] 15.56µm/[Ne II] 12.81µm ratios
(Pereira-Santaella et al. 2010; Diaz-Santos et al. 2010) are indi-
cators of a hard ionising radiation field, whilst nuclear [Si IV]
10.51µm emission and weak nuclear PAH emission serve as in-
dicators of AGN accretion activity (Pereira-Santaella et al. 2010;
Diaz-Santos et al. 2010; Stierwalt et al. 2013). The contribution of
the AGN to the radiation field of NGC 7130 is also evident in the
hard X-ray field, which is compact and strongly concentrated in the
nuclear region of the galaxy (Levenson et al. 2005).
It is interesting to note that both optical and X-ray studies of
NGC 7130 find evidence in support of an outflow from the centre
of the galaxy. Veilleux et al. (1995) identify distinct velocity com-
ponents in the [O III] and Hβ emission lines, characteristic of a
galactic wind attributed to the starburst activity in the circumnu-
clear region. A similar analysis by Levenson et al. (2005) leads to
the conclusion that a spectrally soft outflowing wind is present in
the galaxy. Bellocchi et al. (2012) also identify an outflow in the
inner regions of the galaxy based on the presence of broad, blue-
shifted optical emission-line profiles.
3 OBSERVATION AND DATA REDUCTION
The data used in this paper were taken using the WiFeS instrument
(Dopita et al. 2007, 2010) on the ANU 2.3m telescope at Siding
Spring Observatory. WiFeS is an integral field spectrograph which
can provide a full spectral coverage through optical wavelengths
over a field of view of 25” × 38”. It is a double-beam instrument
providing optimised throughput at resolutions of either 3000 or
c© 0000 RAS, MNRAS 000, 000–000
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Figure 3. Left to right: [N II]/Hα map (as in Figure 2) with three blue circles overlaid on the regions where the [N II]/Hα ratio peaks, WFPC2 660W Hubble
Space Telescope image, IRAC Channel 1 (3.6µm) image, IRAC Channel 4 (8µm) image. The physical scale, coverage on the galaxy, orientation of the images
and location of the blue circles remain consistent between panels. In all of the last three images it is clear than the galaxy has only one active nucleus. Both
the IRAC channels also show evidence of merger activity in the form of streamers and a trailing spiral arm.
7000 throughout the spectral coverage. In the data presented here
the red arm (5700 - 7000A˚) was observed with the R = 7000 grat-
ing, and the blue spectrum (3700 - 5700A˚) was observed with the R
= 3000 grating. The coverage and orientation of the WiFeS pointing
relative to a WFPC2 image taken with the Hubble Space Telescope
are shown in Figure 1.
Our observations consist of three 20 minute exposures of the
same pointing, taken 2009 September 18. The data were reduced
using the IRAF WiFeS pipeline (Dopita et al. 2010, see Rich et al.
2010, 2011 for a detailed description of the process). Each pointing
was bias-subtracted using bias frames to account for variations in
the bias levels. Quartz lamp exposures were used to flat-field the
observations, while twilight sky observations were used to account
for variations in illumination along the slitlets. Spatial calibration
along the slit was calculated by illuminating a wire with the quartz
lamp. Wavelength calibration was calculated for each frame using
a NeAr arc lamp spectrum.
The individual slitlets were combined into individual blue and
red data cubes. Each data cube was flux calibrated using the flux
standard EG-131, accounting for the effects of atmospheric disper-
sion. The two individual data cubes were median-combined to a
final data cube on a common grid. The final data cube was aligned
astrometrically by comparing an image generated from the WiFeS
red data cube with the Hubble Space Telescope WFPC2 F606W
image (see Figure 1).
From the final data cube, we extract the Hα, Hβ,
[N II] λ 6583, [S II] λλ 6717, 6731, [O III] λ 5007 and
[O I] λ 6300 emission lines. For each emission line, we ac-
cept only spaxels in which the signal-to-noise ratio (S/N) of that
line is greater than 5 to allow accurate separation and classification
of different ionising sources for each spaxel across the galaxy.
The Hyperleda Database lists the inclination of NGC 7130 to
the line of sight as 33.7◦. Given that the majority of our analysis
is based on line ratios rather than absolute flux values, the only
properties impacted by inclination that we are concerned with are
the size of the AGN extended narrow line region and the velocity
field (see Sections 5.2 and 6).
4 EMISSION LINE MAPS
4.1 Spatial Distribution of starburst vs. AGN
The [N II]/Hα, [S II]/Hα, [O I]/Hα and [O III]/Hβ line ratios are
commonly used as diagnostics of the dominant ionisation sources
in galaxies, as their differing and complementary sensitivities allow
them to effectively separate starburst and AGN activity (see Section
5.1).
The [O III]/Hβ line ratio is primarily sensitive to the ionisa-
tion parameter and temperature of the line-emitting gas, and is en-
hanced both in the presence of low metallicity stars, where a lack
of metals prevents the nebula from cooling efficiently, and in the
presence of an AGN due to the hard EUV ionising radiation field
which increases the ionisation state of the gas. This degeneracy be-
tween pure star-formation and AGN activity can only be broken by
including another line ratio in the analysis.
In star-forming galaxies, the [N II]/Hα ratio is most sensitive
to metallicity, as nitrogen changes from a primary to a secondary
nucleosynthetic element as metallicity rises (Kewley & Dopita
2002). However, even the smallest contribution from the hard EUV
radiation field of an AGN causes this ratio to become enhanced,
which therefore effectively separates spectra consistent with pure
star-formation from those with some contribution from an AGN.
The [O I]/Hα and [S II]/Hα ratios are also enhanced in the
presence of a hard ionising radiation field due to the presence of a
large partially ionised zone where [O I] and [S II] are collisionally
excited.
In this section, we analyse the spatial variation of the
[N II]/Hα, [S II]/Hα, [O I]/Hα and [O III]/Hβ line ratios in NGC
7130. The maps of all four line ratios can be found in Figure 2. On
each map, we overlay a blue circle enclosing the region where the
[O I]/Hα ratios are the highest.
The [N II]/Hα line ratio peaks in the nuclear region of the
galaxy. A ring of intermediate line ratios is also visible in the outer
regions of the galaxy (see Figure 2 a). The [S II]/Hα map does
not reflect any of the features of the [N II]/Hα map, contrary to
expectation - however, it is likely that the lower S/N on the [S II]
c© 0000 RAS, MNRAS 000, 000–000
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Figure 4. [N II]/Hα, [S II]/Hα and [O I]/Hα diagnostic diagrams showing the variation in ionisation state of the gas in NGC 7130. The solid lines in the
diagrams trace the theoretical upper bound to pure star-formation (Kewley et al. 2001), whilst the dashed line in the [N II]/Hα diagnostic diagram indicates
the empirical upper bound to pure star-formation (Kauffmann et al. 2003). The smooth distribution of points from the pure star-forming region to the AGN
region on the diagnostics is indicative of starburst-AGN mixing. The color-coding of points in the [N II]/Hα and [S II]/Hα diagnostic diagrams relates to the
maps shown in Figure 5.
emission line can account for this discrepancy (see Figure 2 b). The
location of the [O I]/Hα peak in Figure 2 c reveals the location of
the AGN where the ionising radiation field is hardest. This is also
consistent with the location of the AGN as traced by the infrared
(Spinoglio et al. 2002) and X-ray (Levenson et al. 2005) maps.
The [O III]/Hβ map shows similar morphology to the
[N II]/Hα map but does not trace the outer ring of intermediate
line ratios seen in the [N II]/Hα map (see Figure 2 d), indicating
that the ionisation parameter values of the spaxels in this ring are
significantly lower than the ionisation parameter values of the spax-
els in the nuclear region. Therefore, the ring is likely to be pho-
toionised by high metallicity star formation. It is interesting to note
that both the [N II]/Hα and [O III]/Hβ maps have peaks which are
much more extended than the [O I]/Hα peak. The [O I]/Hα peak
is coincident with the central regions of the elongated peaks in the
[N II]/Hα and [O III]/Hβ maps. Furthermore, the [N II]/Hα map
seems to have two distinct off-nuclear peaks, suggesting that ioni-
sation sources other than star-formation and AGN activity may be
important in these regions (see Section 4.2).
4.2 Outflowing Wind
We include data from the Hubble Space Telescope WPFC2 (660W)
and the Infrared Array Camera (IRAC) Channels 1 (3.6µm) and
4 (8µm) (see Figure 3). These ancillary data clearly indicate that
the peak of the galaxy’s total luminosity occurs in the centre of the
nuclear region as traced by the [N II]/Hα, [O I]/Hα and [O III]/Hβ
maps, confirming that this is the location of the central AGN.
However, perhaps more interesting is the information that
these images provide regarding the nature of the two off-nuclear
knots seen in the [N II]/Hα map. The HST and IRAC images give
no indication of a second nucleus of any kind coincident with ei-
ther the northern or southern off-nuclear peak, and thus these peaks
cannot be ionised by either stellar or AGN photoionisation, as both
sources would be prominent in the near and mid-infrared. Further-
more, the Spitzer IRS maps published in Pereira-Santaella et al.
(2010) show no evidence for strong off-nuclear emission. Thus, we
suggest that the off-nuclear [N II]/Hα peaks are best described by
an outflowing wind shock-heating the interstellar medium (see Sec-
tion 7 for further discussion).
It is interesting to note the presence of a bright source above
the top-most blue ring in the 8µm image. Since this channel covers
7.7µm emission, this peak may indicate intense 7.7µm PAH emis-
sion and thus trace a location of intense star-formation. However,
without 24µm images we cannot confirm this hypothesis.
It should also be noted that the asymmetric optical morphol-
ogy of the galaxy as well as the streamers and trailing spiral arms
seen in the images from Channels 1 and 4 of IRAC (see Figure 3)
support the notion that this galaxy may have recently undergone
merger activity.
5 THE STARBURST-AGN MIXING SEQUENCE
5.1 Diagnostic Diagrams
Our analysis of the starburst-AGN mixing in NGC
7130 is based on strong-line ratio diagnostic diagrams.
Baldwin, Phillips & Terlevich (1981) first combined the [N II]/Hα
and [O III]/Hβ line ratios to form a diagnostic for the dominant
emission sources of galaxies. This diagnostic was subse-
quently revised by Osterbrock & Pogge (1985), and in 1987
Veilleux & Osterbrock added two more diagnostics to the set, com-
bining the [O III]/Hβ line ratio with the [S II]/Hα and [O I]/Hα
line ratios respectively.
Since their original formulation, these diagnostics have been
updated a series of times. (Kewley et al. 2001) employed stellar
population synthesis and photoionisation models to fit a theoreti-
cal “maximum starburst” (Ke01) line to all diagrams (appearing as
solid lines in Figure 4). These lines represent the maximum line ra-
tios which can be attributed purely to star-formation whilst remain-
ing consistent with theoretical models. Kauffmann et al. (2003) fit-
ted an empirical (Ka03) line on the [N II]/Hα diagram enclos-
ing the region where starburst-AGN composite galaxies should
lie, based on the positions of the star-forming and starburst-AGN
mixing sequences for a sample of over 100,000 galaxies from
c© 0000 RAS, MNRAS 000, 000–000
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Figure 5. (a) Map of the galaxy in blue with composite spaxels plotted over the top in red. The beige contours show the large-scale Hα morphology of the
galaxy. It is clear that the composite spaxels form a ring around the nuclear region of the galaxy.(b) Map of the galaxy with spaxels color-coded according
to distance up the mixing sequence on the [N II]/Hα vs [O III]/Hβ diagnostic diagram. c) Map of the galaxy with spaxels color-coded according to distance
up the mixing sequence on the [S II]/Hα vs [O III]/Hβ diagnostic diagram. In panels b) and c), there is a clear relationship between the position of spaxels
on the mixing sequence and their distance from the centre of the galaxy, with the contribution of the AGN decreasing towards larger radii - indicative of
starburst-AGN mixing.
SDSS (York et al. 2000). The empirical line appears dashed on the
[N II]/Hα diagnostic diagram.
Figure 4 shows the [N II]/Hα, [S II]/Hα and [O I]/Hα vs
[O III]/Hβ diagnostic diagrams for NGC 7130, with each data point
representing an individual spaxel. In all three of the diagnostic dia-
grams there is a smooth distribution of points from the star-forming
to the AGN region. This distribution is known as a mixing se-
quence, and traces variations in AGN fraction and metallicity from
the HII regions outside of the AGN ENLR to the AGN in the centre
of the galaxy (see Kewley et al. 2013).
5.2 Correlation between location and energy of ionising
radiation
In light of the starburst-AGN composite nature of NGC 7130, we
dissect the starburst-AGN activity. The mixing sequence between
the H II region and AGN regimes on the [N II]/Hα vs [O III]/Hβ
diagnostic diagram traces variations in both metallicity and AGN
fraction throughout the galaxy. The contribution of the AGN is ex-
pected to rise towards the centre of the galaxy, and the metallic-
ity may stay constant or increase towards the centre of the galaxy
(consistent with observations of metallicity gradients in local spi-
ral galaxies; e.g McCall 1982; Zaritsky et al. 1994; van Zee et al.
1998). The impact of abundance gradients on our interpretation of
starburst-AGN mixing will be discussed further in Section 7.
In order to determine the relationship between distance from
the centre of the galaxy and position on the mixing sequence, we
construct maps of the galaxy, color-coding spaxels according to
their location on the [N II]/Hα vs [O III]/Hβ diagnostic diagram.
The results are remarkable.
In Figure 5 a) we highlight the position of composite spax-
els (red) relative to the rest of the galaxy (blue) and the Hα emis-
sion peaks (beige contours). Composite spaxels are defined as those
lying in between the Ke01 and Ka03 demarcation lines on the
[N II]/Hα vs [O III]/Hβ diagnostic diagram, and are likely to be
ionised by either a roughly even combination of star-formation
and AGN activity (e.g. Hill et al. 2006; Panessa et al. 2005) or a
combination of star formation and shock excitation (e.g. Rich et al.
2011; Sharp & Bland-Hawthorn 2010; Monreal-Ibero et al. 2006;
Farage et al. 2010). In NGC 7130, the composite points form a
clean ring around the nuclear region of the galaxy. This ring is ev-
idence of a starburst-AGN mixing region in which starburst and
AGN emission are both energetically significant. Therefore, in this
galaxy, the composite region demarcates the boundary of the AGN
ENLR.
In Figure 5 b), we further separate the [N II]/Hα vs [O III]/Hβ
mixing sequence into spaxels classified as H II regions (black),
composite (red) and AGN-dominated (blue and green). The spaxels
colored blue and green occupy distinct regions on the mixing se-
quence (as seen in Figure 4, left), with the exact division chosen so
that the majority of the blue spaxels lie in the nuclear region of the
galaxy. We see from Figure 5 b) that the correspondence between
location on the mixing sequence and distance from the centre of the
galaxy seen for the composite spaxels extends to spaxels with both
higher and lower [O III]/Hβ values.
The spaxels colored blue occupy the nuclear region of the
galaxy, consistent with emission due to pure AGN as well as pho-
toionisation by a galactic wind. The spaxels colored green form a
clean ring around the nuclear region of the galaxy, consistent with
emission dominated by AGN photoionisation with some contribu-
tion from star formation. This ring forms the inner edge of the ring
observed in Figure 5 a), consistent with the notion that the compos-
ite spaxels are ionised by an approximately equal contribution from
star-formation and AGN activity. The AGN ENLR is cleanly seg-
regated from the lower ionisation state H II region spaxels, which
occupy the outer regions of the galaxy’s [O III]/Hβ disk.
Figure 5 c) shows that very similar behaviour is uncovered
when color-coding spaxels according to their distance along the
[S II]/Hα vs [O III]/Hβ mixing sequence. Although the [S II]/Hα
diagnostic diagram does not provide a division between pure star-
forming and composite spaxels, we again observe clean rings of
gas ionized by a decreasing fraction of AGN activity as distance
from the centre of the galaxy increases. The spaxels with the high-
est [O III]/Hβ values (at the top of the starburst-AGN mixing se-
quence) lie closest to the centre of the galaxy, whilst the spaxels
with the lowest [O III]/Hβ values lie furthest from the centre of the
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galaxy. It is likely that starburst-AGN mixing signatures will also
be visible from the [O I]/Hα diagnostic when [O I] λ 6300 is de-
tected at a statistically significant level in a sufficient number of
spaxels.
We use the clean segregation of the AGN ENLR to calculate
its size. Assuming the ENLR to be elliptical in shape, we find that
the radius of the ENLR is 5.4 ± 2.3”, which corresponds to a phys-
ical size of 1.8 ± 0.8 kpc. The error on the radius encompasses the
variation in length between the major and minor axes of the ellipse
as well as the 2” point-spread function (PSF) of the data. The ENLR
size is consistent with the majority of ENLRs in Seyfert 2 galaxies,
which are found to be 1-5 kpc in radius (Bennert et al. 2006).
5.3 Mixing sequence and dSF
The existence of a strong correlation between position on the mix-
ing sequence and distance from the centre of the galaxy allows
us to calculate the fractional contribution of the starburst and the
AGN activity to the line emission in each spaxel. Numerical cal-
ibration of the mixing sequence is done empirically according to
the notion of star-forming distance (dSF , see Kewley et al. 2006
for further discussion). The fundamental principle of dSF is to
provide a means of quantifying the distance of a point on the
[N II]/Hα vs [O III]/Hβ diagnostic diagram from the star-forming
sequence, traced out by pure star-forming galaxies from SDSS
(see Kauffmann et al. 2003). Since the majority of AGN-dominated
galaxies appear to mix with high-metallicity H II regions (see
Groves et al. 2006), dSF is defined such that the high metallicity
end of the star-forming sequence represents dSF = 0.
In global or nuclear spectra, galaxies that lie further away from
the star-forming sequence can be expected to have larger AGN
contributions than galaxies which lie closer to the star-forming se-
quence as the rate of enhancement of [O III]/Hβ scales with the col-
lisional excitation rate in the nebula. We emphasise that this mea-
sure cannot be used to derive quantitative information regarding the
absolute contribution of starburst or AGN activity to the optical lu-
minosity of a galaxy or region when the spectra used to construct
the mixing sequence are taken from several different host galaxies.
Metallicity, ionisation parameter, the hardness of the AGN radia-
tion field and electron density can all vary between galaxies and
this leads to significant uncertainty in the AGN contribution (see
Kewley et al. 2013). Therefore, it is only when integral field data
are available and a mixing sequence can be constructed with spax-
els from a single host galaxy that the following analysis is valid.
We assign 100% and 0% AGN fractions to the spaxels with
the highest and lowest [O III]/Hβ values on the mixing sequence
respectively. We then assign AGN fractions to all other spaxels ac-
cording to their projection distance along the line between these
two most extreme points. Figure 6 shows the mixing sequence for
NGC 7130 color-coded by assigned AGN fractions in bins of width
10%.
It is difficult to determine the error on the assigned AGN frac-
tions. However, by constructing starburst-AGN mixing models we
determine that the relative error in AGN fractions assigned using
this technique is on the order of 6% (see Paper II for a more de-
tailed discussion of mixing models and error calculations).
5.4 Calculation of the relative starburst-AGN fraction
We use the numerical calibration of our starburst-AGN mixing se-
quence to calculate the relative contribution of the starburst and
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Figure 6. [N II]/Hα vs [O III]/Hβ diagnostic diagram for NGC 7130. Col-
ors represent 10% increments in the AGN fraction, going from 0-10% (ma-
roon) to 90-100% (pink).
the AGN activity to the Hα and [O III] luminosities of the galaxy.
Hα traces active star-formation, and thus the Hα luminosity of the
galaxy is expected to be largely attributable to star-formation ac-
tivity. The [O III] emission line, on the other hand, is significantly
enhanced in the presence of an AGN due to the hardness of the
ionising radiation field.
The total Hα or [O III] luminosity of the galaxy can be calcu-
lated using
Ltot =
∑
n
i=1
Ln
(where Ln is the luminosity of the relevant line in spaxel n).
The luminosity that can be attributed to the AGN is given by
LAGN =
∑
n
i=1
fAGNn Ln
(where fAGNn is the AGN fraction in spaxel n). Then the total
fraction of emission due to the AGN for that emission line is given
by
fAGNtot =
LAGN
Ltot
Similarly, the total fraction of emission due to star-formation
for a particular line is given by
fSFtot =
LSF
Ltot
We find that the fraction of [O III] luminosity from star-
formation and AGN activity is 30 ± 2% and 70 ± 3% respectively.
The fraction of Hα luminosity from star-formation and AGN activ-
ity is 65 ± 3% and 35 ± 2% respectively.
The hard ionising radiation field from the AGN produces more
[O III] than Balmer series lines, as expected. However, we also ob-
serve that the AGN is responsible for 35% of the Hα luminosity
of the galaxy and the star-formation is responsible for 30% of the
[O III] luminosity - supporting the notion that both starburst and
AGN activity are energetically significant in NGC 7130.
It is important to note that the AGN fractions indicate the de-
gree of error that is made when using Hα as a star formation rate
(SFR) indicator in composite galaxies. Use of the Hα luminosity
without correction for contribution from an AGN will over-estimate
the true SFR of a galaxy (35% overestimation in the case of NGC
7130).
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Figure 7. Starburst and AGN fractions as a function of distance from the central AGN. The green points represent the AGN fraction for individual spaxels,
whilst the red points represents the starburst fraction. The green and maroon stars indicate the average radii for each AGN fraction and starburst fraction
respectively. The error bar on the right hand side of the Figure indicates the nominal error on raw data points at 50% AGN/SF fraction.
5.5 AGN fraction as a function of radius
In Figure 7, we show quantitatively how the contributions of the
starburst and the AGN change as a function of distance from the
centre of NGC 7130. We define the centre of the galaxy to be the
centroid of the [O I] emission, which our analysis from Section 4.1
indicates is the best tracer of AGN activity in the galaxy. The green
circles show the AGN fractions of individual spaxels as a function
of radius, whilst the red circles trace the relative contribution of
the star-formation. The green stars indicate the average distance of
spaxels from the centre of the galaxy at each AGN fraction, whilst
the maroon stars indicate the average radius of spaxels at each star-
forming fraction. The error bar on the right hand side of the Figure
indicates the nominal error on raw data points at 50% AGN/SF
fraction. The vertical errors trace the 6% relative error on the AGN
fraction, so that points at higher AGN fraction will have a larger
vertical error than that indicated by the nominal error, whilst the
vertical error will be lower at lower AGN fractions. The horizontal
errors trace the maximum error on the radius due to the PSF of the
data.
The AGN fraction is highest in the centre of the galaxy but
drops quickly as the radius increases, with the inverse behaviour
observed for the relative contribution of the star-formation. The
largest deviation from a monotonic decrease in AGN fraction as
a function of radius occurs in the inner-most regions of the galaxy,
as the AGN fraction peaks at a non-zero radius. This is likely to be
due to the elevated [N II]/Hα and [O III]/Hβ line ratios observed
on either side of the [O I]/Hα peak in Figure 2. This highlights that
the [O I]/Hα vs [O III]/Hβ diagnostic diagram may be a better di-
agnostic of starburst-AGN mixing when the [O I] line is detected
at a statistically significant level in a large number of spaxels. We
will follow this up in a future paper.
Figure 8. Hα flux-weighted velocity dispersion histogram, indicating three
peaks at σ ≈ 30 kms−1, σ ≈ 150 kms−1 and σ ≈ 400 kms−1. These
peaks are likely to trace the pure star-forming, composite and pure-AGN
components respectively.
The distance at which the AGN and the star formation con-
tribute equally (AGN fraction = 50%) is approximately 3.4 ± 1.7”,
or 1.1 ± 0.6 kpc. This is smaller than the extended narrow line re-
gion radius derived in Section 5.2 - as expected, since the extended
narrow line region is defined such that points outside of it have less
than 10% contribution from the AGN.
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Figure 9. Top, left to right: Maps of velocity field by component (1-3, a to c). The recessional velocities are relative to the overall recessional velocity of the
galaxy. Bottom, left to right: maps of velocity dispersion (σ) by component (1-3, d to f).
6 VELOCITY FIELD AND VELOCITY DISPERSION
We show the Hα flux-weighted velocity dispersion (σ) distribution
for NGC 7130 in Figure 8. There are three clear peaks, marked by
arrows. The first and largest, at σ ≈ 30 kms−1, indicates that the
optical spectra of NGC 7130 are dominated by low-σ H II regions
(see e.g. Epinato et al. 2010). The other peaks at σ ≈ 150 kms−1
and σ ≈ 400 kms−1 suggest that there could be distinct velocity
components corresponding to more energetic ionisation sources.
We assign three velocity dispersion components: component
1 (σ 6 80 kms−1), component 2 (80 kms−1 < σ 6 250 kms−1),
and component 3 (σ > 250 kms−1). We show maps of velocity
field as a function of velocity dispersion component in Figure 9 a to
c. Maps of velocity dispersion as a function of velocity dispersion
component are shown in Figure 9 d to f.
The velocity field for component 1 is similar to the rotation
curve of NGC 7130 across the entire Hα disk, and therefore is
likely to trace the galaxy’s underlying velocity field (see Figure 9
a). The velocity dispersion map shows that σ decreases with dis-
tance from the centre of the galaxy (see Figure 9 d), peaking at
approximately 60 kms−1 and decreasing smoothly to 30 kms−1 at
the largest radii. This behaviour is consistent with theoretical and
observational views of higher velocity dispersions in Seyfert nuclei
(e.g. Stokaslova et al. 2009).
The velocity field and velocity dispersion maps for component
2 show similar features to those of component 1, but over a smaller
cross-sectional area (approximately 54% of the region covered by
component 1; see Figures 9 b and e). The higher σ in this compo-
nent suggests that it may trace starburst-AGN mixing.
The third component is detected primarily in spaxels coin-
cident with the nucleus of the [O I]/Hα emission. The high ve-
locity dispersion (around 400 kms−1, see Figure 9 f) is consis-
tent with the injection of energy by an active galactic nucleus, and
the blue-shifted velocity field (see Figure 9 c) supports the notion
of an outflowing wind, as identified by Veilleux et al. (1995) and
Levenson et al. (2005).
7 DISCUSSION
Our analysis of line ratio maps, velocity field and velocity dis-
persion information in NGC 7130 has clearly indicated that this
galaxy is a starburst-AGN composite galaxy - a conclusion which
is strongly supported by past studies. As a galaxy with a Seyfert
1.9 nucleus, its luminosity might be expected to be dominated
by the activity of the AGN. Indeed, the signature of this AGN
is clear in the high [N II]/Hα, [O III]/Hβ and [O I]/Hα ratios
and high velocity dispersion, as well as indicators in the IR
(Petric et al. 2011; Pereira-Santaella et al. 2010; Diaz-Santos et al.
2010; Stierwalt et al. 2013) and X-ray (Levenson et al. 2005).
However, we have demonstrated that this galaxy also shows evi-
dence for strong star-formation - probably triggered by previous
merger activity, which remains imprinted on the galaxy’s emis-
sion signature in the form of its asymmetric optical morphology,
streamers and trailing tidal arms. The signature of the star forma-
tion is clear from the strong Hα emission, the low [N II]/Hα and
[O III]/Hβ ratios in the extended emission regions of the galaxy,
and the prominent low velocity dispersion component, as well as
several other indicators in the IR (Gonzalez Delgado et al. 2001;
Contini et al. 2002), optical (Gonzalez Delgado et al. 2001), UV
(Gonzalez Delgado et al. 1998), and X-ray (Levenson et al. 2005).
The smooth mixing sequence from the H II to AGN regions on
the [N II]/Hα vs [O III]/Hβ and [S II]/Hα vs [O III]/Hβ diagnostic
diagrams indicates that NGC 7130 contains regions with a range
of AGN contributions that depend on distance from the centre of
the galaxy. The AGN radiation field is strongest in the nuclear re-
gion of the galaxy, and grows weaker as distance from the centre
of the galaxy increases until star-formation becomes dominant in
the extended emission region of the galaxy. This clean behaviour
allows us to identify the boundary of the AGN extended narrow
line region, which we find to lie 1.8 ± 0.8 kpc from the central
AGN. The ability to use starburst-AGN mixing to calculate the size
of AGN ENLRs could be useful for future investigation of how the
size of the ENLR relative to the extent of star formation depends
on properties of the AGN.
We have also presented a technique for numerical calibration
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Figure 10. Continuum normalized spectra showing the [N II] + Hα (top) and He I + Na I D (bottom) profiles for 5′′apertures from the nucleus (left) and
a spiral arm region west of the nucleus (right). The solid vertical lines indicate the rest-frame centroids of [N II] λ 6583 (top) and Na I D λλ 5890, 5896
(bottom). Strongly blueshifted Na I D and broad emission line profiles in the nuclear region are unambiguous signs of an outflow in the galaxy.
of starburst-AGN mixing sequences constructed using spectra from
a single galaxy. Our analysis of AGN fractions in NGC 7130 re-
veals that star-formation dominates the Hα luminosity and AGN
activity dominates the [O III] luminosity (as expected) - however,
in both cases the non-dominant energy source is responsible for
at least 25% of the line luminosity - indicating, for example, the
degree to which star formation rates calculated from Hα will be
overestimated in composite galaxies. Further investigation of the
numerical calibration of mixing sequences will assist in the devel-
opment of techniques to decompose spectra into their star-forming
and AGN components (see Paper II for more detailed discussion).
One source of complication in the emission line analysis for
NGC 7130 is the off-nuclear knots of elevated [N II]/Hα line ra-
tios, seen in Figure 2. In Section 4, we suggested that these may
be the result of an outflowing wind shock-heating the interstellar
medium. The notion of an outflow is supported in our data by the
strong blueshift observed in the third velocity component. In order
to investigate this further, we extract profiles of the [N II]+ Hα and
He I + Na I D features in 5” apertures centred on the nucleus and a
spiral arm region west of the nucleus (see Figure 10). The strongly
blue-shifted Na I D absorption feature in the nuclear region is an
unambiguous sign of outflowing material (e.g. Rupke et al. 2005).
The nuclear He I, [N II] and Hα emission profiles also show sig-
nificant broadening and blue-shifted tails compared to the clean,
narrow line profiles in the spiral arm region.
Levenson et al. (2005) suggest that the outflow is starburst-
driven based on the morphology of the extended soft X-ray emis-
sion, and (Veilleux et al. 1995) come to the same conclusion based
on the [O III] and Hβ emission profiles. However, the strong
Seyfert-like line ratios seen in emission are more consistent with
AGN driven outflows (e.g. Sharp & Bland-Hawthorn 2010). The
low spatial resolution of our data makes it difficult to differentiate
between a wind driven by circumnuclear starburst or AGN activity.
In order to differentiate between starburst and AGN driven winds it
is necessary to employ high spatial resolution IFUs on 8-10m class
telescopes, preferably with the aid of adaptive optics.
Another possible explanation for the elevated off-nuclear
[N II]/Hα line ratios is shock-excitation in an outflowing cocoon.
In this scenario, radio jets can interact with the interstellar medium,
producing high velocity shocks which provide UV photons to ex-
cite the ENLR (see Dopita & Sutherland 1995; Bicknell et al. 1997,
1998, 2000). NGC 7130 has an elongated radio structure which
could indicate the presence of radio jets, although this structure has
been attributed to shocks or star-formation along the galactic bar
(Bransford et al. 1998). In order to determine whether out-flowing
material or radio jets are responsible for shock-heating the interstel-
lar medium, it is necessary to conduct an analysis of the energetics
of the interstellar medium, which is beyond the scope of this paper.
It is also important to consider the impact of metallicity gra-
dients on our interpretation of starburst-AGN mixing. As discussed
in Section 4.1, both the metal abundance of the line-emitting gas
and the hardness and concentration of the EUV ionising radiation
field from the AGN affect the [N II]/Hα and [O III]/Hβ line ra-
tios. Therefore, for galaxies with metallicity gradients, the varia-
tion in [N II]/Hα and [O III]/Hβ as a function of radius is driven by
changes in both metal abundance and the AGN fraction. Theoret-
ical starburst-AGN mixing curves constructed using photoioniza-
tion models suggest that metallicity gradients primarily impact the
slope of starburst-AGN mixing sequences. By applying the AGN
fraction calculation method we have presented to these theoreti-
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cal mixing curves, we have determined that the accuracy of our
method is not compromised by the presence of abundance gradi-
ents when both the abundance gradient and the observed starburst-
AGN mixing curve are smooth - confirming that our interpretation
of starburst-AGN mixing in NGC 7130 is robust. The impact of
abundance gradients on interpretations of starburst-AGN mixing
will be discussed in detail in a future paper.
Aside from our major results, this study demonstrates the
power of IFU data as a tool which opens the door to many new op-
portunities in the study of the starburst-AGN connection. Our iden-
tification of the outflowing wind in this galaxy clearly highlights the
strengths of IFU data in dissecting the power sources of galaxies.
The ability to probe the spatial variation of diagnostic line ratios
and velocity properties provides us with a much more detailed and
far-reaching picture of the physical processes at work within indi-
vidual galaxies than has ever been derived from single-fibre or long
slit spectroscopy. Furthermore, we have shown that more complete
and higher resolution data sets allow for more precise numerical
calibrations, propelling us into the era of detailed numerical analy-
sis. By combining the results of this study with theoretical investi-
gations and follow-up observational work, we will be able to study
star formation rates and metallicity gradients in AGN dominated
galaxies as well as pure star-forming galaxies.
8 CONCLUSION
Using IFU emission line data, we have shown that NGC 7130 is
a remarkably clean prototype for starburst-AGN mixing in com-
posite galaxies. By combining line ratio maps and line diagnostic
diagrams we have uncovered a clear relationship between the lo-
cation of points on the starburst-AGN mixing sequence and their
distance from the centre of the galaxy. We find that:
• The spatial variation of the strong line ratios in NGC 7130 is
consistent with a combination of star-formation and AGN activity.
• The composite spaxels, identified using the [N II]/Hα vs
[O III]/Hβ diagnostic diagram, form a clear ring around the nuclear
region of the galaxy.
• Spaxels which lie further up the mixing sequence on the
[N II]/Hα vs [O III]/Hβ diagnostic diagram also lie closer to the
centre of the galaxy. When color-coding spaxels according to their
distance up the mixing sequence we observe clean rings of gas
ionised by different combinations of star formation and AGN ac-
tivity; indicating that the ionisation state of the gas decreases
smoothly with distance from the central AGN.
• We use the clean demarcation between H II region and ENLR
gas to calculate the size of the AGN ENLR. We find the radius
of the ENLR to be 1.8 ± 0.8 kpc, consistent with expected values
from literature.
• We present an empirical method for calculating the relative
contribution of the star-formation and the AGN activity on a spaxel-
by-spaxel basis. We use this to determine that the fraction of [O III]
luminosity from star-formation and AGN activity is 30 ± 2% and
70 ± 3% respectively, and that the fraction of Hα luminosity from
star-formation and AGN activity is 65 ± 3% and 35 ± 2% respec-
tively. This highlights the degree of error made when using Hα as
a proxy for star-formation rate in composite galaxies.
• Our investigation of the velocity field in NGC 7130 supports
the notion of starburst-AGN composite activity, with three separate
velocity components identified - one tracing pure star-formation
and the underling velocity field of the galaxy, one tracing starburst-
AGN mixing over the extended narrow line region of the galaxy,
and one tracing the strongly blueshifted and high dispersion nu-
clear region of the galaxy.
• The emission line and velocity field maps for NGC 7130 also
suggest the presence of an outflowing wind in the galaxy; however,
our data do not allow us to determine whether this wind is driven
by the circumnuclear starburst or the AGN.
Starburst-AGN mixing has the potential to open the doors to
understanding the relationship between star formation and AGN
activity, both in individual galaxies and across the entire AGN se-
quence. In Paper II we will expand this study to a larger sample
of galaxies and present starburst-AGN mixing models which pro-
vide further support for the observational scenario we have pre-
sented. We will also discuss applications of starburst-AGN mixing
in more detail, with particular focus on the ability to construct in-
dividual spectra for the star-formation and AGN components on a
spaxel-by-spaxel basis and the possibility of using observations of
starburst-AGN mixing to constrain the conditions of the interstel-
lar medium and the hardness of the AGN ionizing radiation field in
starburst-AGN composite galaxies.
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